Influenza-like illness (ILI) is an acute respiratory infection caused by various pathogens. However, the epidemiologic characteristics of ILI pathogens in Jiangsu province are unclear. To better understand the ILI etiology, the characteristics of the pathogens from nasopharyngeal swab samples of patients with ILI collected from 2012 to 2016 in 6 hospitals in Jiangsu province were studied. The pathogens, including influenza virus, respiratory syncytial virus (RSV), rhinovirus (HRV), adenovirus (ADV), herpes simplex virus (HSV), human coronavirus (hCoV), Streptococcus pneumoniae and Haemophilus influenzae, were detected by real-time PCR. At least one pathogen was identified in 1 334 of the patients (40.23%). Among viruses, HRV, influenza A virus (Flu A), ADV and RSV were the most frequently detected. ADV was the only pathogen that was distributed evenly in different years and regions (P>0.05). The etiological distribution varied in different age groups. Streptococcus pneumoniae was the most common pathogen in co-infections with a co-detection rate of 64.57% (319/494). The spectrum of etiologies could help to estimate disease burden and provide guidance for vaccination.
Introduction
Acute respiratory infections are common illnesses with a high morbidity in young children in developing countries and in the elderly globally [1] [2] . Influenza-like illness (ILI) is one of the acute respiratory infections, defined by a fever higher than or equal to 38 °C accompanied by a cough [3] . China has been one of the Global Influenza Surveillance and Response System (GISRS) National Influenza Centers for decades. ILI surveillance has been performed in Jiangsu province for 15 years. During these years, the epidemiology of influenza has been studied. However, pathogens responsible for many ILI cases, if not influenza viruses, needed to be further defined. These pathogens can not only cause ILI [4] [5] [6] , but also have great potential to cause severe respiratory diseases such as croup, bronchiolitis, and pneumonia, which often require hospitalization, especially in very young and elderly individuals with underlying chronic conditions [7] .
Previous studies have showed that Streptococcus pneumoniae (S. pneumoniae) and Haemophilus influenzae (H. influenzae) are the most common bacteria responsible for respiratory infections [8] . Common respiratory viruses, including respiratory syncytial virus (RSV), rhinovirus (HRV), adenovirus (ADV), herpes simplex virus (HSV), human coronaviruses (HCoV-OC43 and HCoV-229E) are also indicated as causative agents of respiratory infections in some reports [9] [10] [11] . In addition, over the past decade, a number of new viruses have been reported, including hCoV-NL63 and hCoV-HKU1 [12] [13] [14] [15] . Microorganisms causing ILI are complex and diverse, varying by region and season. Moreover, acute respiratory tract disease in humans sometimes presents with co-infection by more than one organism [16] [17] .
The pathogenic spectrum of ILI in Jiangsu province has not been well characterized to date. Much less is known about the epidemiologic characteristics of the ILI pathogens. Therefore, the aim of this study was to investigate the prevalence and the epidemiologic characteristics of different pathogens causing ILI in Jiangsu province in China from 2012 to 2016.
Materials and methods

Ethics statement
This project was part of public health surveillance in Jiangsu province. Verbal consent during the outpatient visit was obtained from each participant or from his or her parent/guardian. The study protocol was approved by the Ethics Committee of the Jiangsu Provincial Center for Disease Control and Prevention, and the study was conducted in compliance with the principles of the Declaration of Helsinki.
Surveillance location
Jiangsu province is a densely populated province in China, with an area of 107 200 km 2 . At the end of 2017, its population has reached 80.293 million, with males accounting for 50.33% with mainly Han ethnicity (99.5%). The age of the population consisted of 10.94 million aged 0 -14, 58.857 million aged 15-64, and 10.732 million aged 65 and over.
The surveillance for ILI started in 2012 and was located in 6 sentinel hospitals of three cities (Nanjing, Taizhou and Suzhou) of Jiangsu province, China. The sentinel sites were chosen with careful consideration of geographical representation and surveillance capability. Of the six sentinel hospitals two are children's hospitals, two adult hospitals, and two hospitals for both adults and children ( Supplementary  Fig. 1 , available online). The selected hospitals were among the largest hospitals in the country and served mainly the local population. National surveillance of ILI has been performed for many years in these sentinel sites. Furthermore, their capacities for laboratory testing in disease control and prevention were qualified annually by the National Influenza Center.
Definition of ILI and patient enrollment
ILI was defined as the onset of a fever, with axillary temperature ≥38 °C and following one or both of the symptoms: cough and pharyngeal discomfort. The study group consisted of outpatients from the above-mentioned 6 hospitals who met the ILI criteria with an onset less than 3 days. Nasopharyngeal swab specimens were collected from them 2 or more days a week in each sentinel hospital.
Sample collection
After the collection samples were immediately added to 3.0 mL of viral transport medium (VTM, Dulbecco's Modified Eagle Medium with 100 U/mL penicillin, 100 mg/mL streptomycin, and 2 000 U/mL amphotericin B) and stored at 4 -8 °C at the local hospital. Within 48 hours, samples were transferred on ice to a network laboratory for diagnostic testing. At the laboratory, specimens in VTM should be stored at −70 °C until further processing, if testing was not performed within 48 hours after collection.
Real-time PCR for detection
From 2012 to 2016, ten samples were selected randomly in every sentinel hospital per month. Each sample was tested simultaneously for the following pathogens: influenza A virus (Flu A), influenza B virus (Flu B), influenza C virus (Flu C), HRV, RSV, ADV, 4 strains of hCoV (hCoV-229E, hCoV-OC43, hCoV-NL63 and hCoV-HKU1), HSV, S. pneumoniae, and H. influenzae.
Nucleic acids were extracted using commercial kits (QIAmp Mini Elute Virus Spin kit, QIAamp Viral RNA Mini kit or RNeasy Mini kit, Qiagen, Valencia, CA,USA). Real-time PCR was performed to detect ADV, hCoVs, HSV, S. pneumoniae, and H. influenza, real-time RT-PCR was performed to detect the other viral agents using recommended commercial kits (Fluorescent PCR Diagnostic kits, Shanghai ZJ Bio-Tech Co., Ltd, Shanghai, China) according to the manufacturers' protocols. Positive and negative controls were included in each PCR run to test for cross contamination. Specimens with only a single pathogen detected were considered mono-infection, and those with two or more pathogens detected were regarded as co-infection.
Statistical analysis
The R project was used for all analyses (version 3.3.3). The Chi-square test was used to compare differences in the distribution of categorical variables, and Fisher's exact test was used wherever appropriate. The Mann-Whitney test was used to compare the age difference between two independent groups. All tests were two-tailed, and P<0.05 was considered statistically significant. The detection rates of all pathogens were standardized according to age groups. Seasonal index was calculated to describe the seasonal distribution of pathogens detected greater than 2%.
Results
Characteristics of outpatients with ILI
A total of 3 316 patients ranged in age from 30 days to 89 years [median, 5 years (IQR 1-31)] were enrolled in this 5-year study program ( Supplementary Table 1 , available online). Among them, 1 734 were male (52.29%), 1 670 were children ≤5 years of age (50.36%), and 109 were elderly individuals ≥65 years of age (3.29%). Of the 3 316 patients, 49.35% had cough and 76.11% had angina or congestion of the throat.
Spectrum of pathogenic agents
At least one of the pathogens was identified in 1 334 patients (40.23%), with a single pathogen in 915 patients (27.59%) and multiple pathogens in 419 patients (12.64%). Among all samples, 937 (28.26%) tested positive for at least one viral species, and 714 (21.53%) tested positive for at least one bacterial species.
Of the 1 334 patients confirmed with at least one etiology, the most frequently detected virus was HRV in 211 patients (6.36%), followed by Flu A in 209 patients (6.30%), ADV in 140 patients (4.22%), RSV in 133 patients (4.01%), HSV in 98 patients (2.95%), Flu B in 84 patients (2.53%), hCoV-NL63 in 61 patients (1.83%), hCoV-OC43 in 47 patients (1.42%), Flu C in 14 patients (0.42%), hCoV-229E in 14 patients (0.42%), and hCoV-HKU1 in 13 patients (0.39%). S. pneumoniae and H. influenzae were detected in 494 (14.90%) and 347 patients (10.46%), respectively.
Etiologic distribution in patients of different genders and ages
Etiologic distribution was assessed among different age groups. Flu A was the most common pathogen in children aged 6 -9 years (8.91%) and in older individuals aged 50-64 years (8.85%). HRV and RSV were detected more frequently in infants younger than 6 months of age (13.04% and 8.70%, respectively). Flu B and ADV were detected most frequently in students aged 6 -9 years. Interestingly, 4 strains of hCoV were not detected in teenagers 10 -14 years of age, while HSV had the highest detection rate in this group ( Table 1) .
The median age of patients with at least one positive pathogen was lower than that of patients who tested negative for any of etiologies [4 years (IQR 2 -20) vs. 9 years (2 -29)] (P<0.001, Mann-Whitney test). Compared with patients who were detected with multiple etiologies, patients detected with single etiology were older [5 years (IQR 2 -26) vs. 3 years (IQR 2 -7)] (P<0.001, Mann-Whitney test). The median age of the patients with laboratory-confirmed Flu A, Flu B and HSV was considerably higher than that of patients with ADV, HRV, RSV, and hCoV-NL63 and hCoV-HKU1 (P<0.001, LSD test). The patients testing positive for H. influenzae were older than those positive for S.pneumoniae (P<0.001, Mann-Whitney test) ( Table 1) .
There was no pathogen-specific significant difference in the detection rate between male and female patients.
Etiologic distribution according to regions and years
Since specimens were collected from three cities located in the southern, central and northern parts of Jiangsu Province, the etiologic detection rate in ILI patients from three regions were compared. Flu A, Flu B, HRV and HSV were detected less commonly in Suzhou city (P<0.005), while RSV, hCoV-NL63, S. pneumoniae and H. influenzae were more frequently detected in Nanjing. Among these pathogens, only the detection rate of ADV showed no difference between different regions. At the same time, we compared the etiologic distribution in different years. Similar to the regional distribution, the prevalence of ADV was consistent across different years, while the remaining pathogens were different ( Table 2) .
Seasonal distribution of etiology
The detection rates of pathogens were not evenly distributed during different seasons over the 5-year period. Flu A, Flu B, RSV, HSV, and S. pneumoniae were detected most often during winter and spring.
However, Flu A also occurred in summer. ADV mainly occurred in May, although it was identified all year. There were no clear seasonal characteristics with HRV and H. influenzae, given that it was detected frequently all year. As for coronavirus, HCoV-OC43 was detected most frequently in spring while hCoV-NL63 was detected mostly in autumn ( Fig. 1) . Seasonal index was calculated monthly for the etiologies whose detection rate reached more than 2% ( Table 3 ). Flu C, hCoV-HKU1 and hCoV-229E were detected in few samples, hence, their seasonal pattern could not be determined.
Co-detection of multiple etiology
Among 3 316 patients with ILI, co-detection of multiple pathogens was found in 419 cases. Two pathogens were found in 315 patients, 3 pathogens in 97 patients, and 4 pathogens in 7 patients (Table 4,  Fig. 2) .
Co-infections of S. pneumoniae with one or more viruses were detected in 260 patients, thereinto HRV (63 cases, 24.23%) and RSV (61 cases, 23.46%) were co-detected with it. Co-infections of H. influenzae with one or more virus were found in 125 cases, thereinto Flu A (30 cases, 24.00%) and HRV (27 cases, 21.60%) were co-detected with it. For those infected with 3 pathogens, S. pneumoniae, H. influenzae and a single virus were co-detected in 62 cases (63.92%). For those infected with 4 pathogens, S. pneumoniae, H. influenzae, FluA and HSV viruses were co-detected in 3 cases (42.86%) ( Table 5 and Table 6 ).
Discussion
ILI is a complex and diverse group of diseases. It is difficult to differentiate various pathogens by its symptoms, because different etiologic agents can cause similar symptoms. Some pathogens arise in outbreaks in schools or other locations [18] [19] . These pathogens may lead to severe respiratory system infections that need intensive care therapy or can even lead to death [7, 20] . In this study, multiple respiratory pathogens were analyzed through nasopharyngeal swab samples that were collected over 5 years from three cities across Jiangsu province.
Flu A was one of the frequently isolated viruses in all cases of this study, which showed a seasonal distribution with high peaks in winter and summer. This pattern matches the known influenza epidemic pattern in southern China [21] . Our results also demonstrated that Flu A accounts for a large burden of disease in Jiangsu Province, and vaccination for influenza should be used widely, especially in children 6-9 years of age who are in nursery or primary school, and in those 50-64 years of age.
It is clear that HRV can cause pneumonia in people of any age [22] [23] [24] . It is also an important pathogen for co-infections. In this study, the HRV has been found to be an important agent on the spectrum of ILI etiology. However, the infection rate of HRV declined significantly with increasing age.
More than 90 genotypes of ADV are known to infect humans, accounting for 5%-10% of respiratory illnesses in children [25] . We found a seasonal variation in detection of ADV, peaking in May to July every year, which is different from other pathogens detected in our study. Furthermore, we found that the rate of ADV infection was higher in children 6 -9 years of age who are in nursing and primary school, surrounded by other children. ADV outbreaks have occurred in intensive care units, schools, and military camps, usually associated with crowded or closed environments [18] [19] . Thus, we speculate that ADV is one of the major causative agents associated with respiratory infection in students, especially in primary schools. RSV is one of the most important respiratory pathogens among infants worldwide [26] [27] . It was one of the most frequently isolated viruses among children less than 5 years, especially in infants less than 6 months, in our study. Regarding the seasonality, the RSV epidemic peaked during winter as the season index was high in October to January. RSV can cause re-infections throughout life but most of adults show only mild respiratory infections without fever. So It is speculated that the infection rate of RSV will be higher in grown-up patients with acute respiratory infections showing no fever.
In our study, HSV was isolated from 98 (3.0%) ILI cases, 57 (58.16%) of which had no other virus detected. It is unusual that HSV was included in the study of respiratory infection in China, as it has not been widely studied previously. However, one report from South America obtained the similar result, in which HSV was isolated from 164 (2.6%) patients with ILI. Viral co-infection was detected in 34 (20.7%) HSV-positive cases [28] . However, HSV has been reported as a common agent resulting in viral pneumonia [29] . It should be noted that co-detection in HSV-positive cases was not higher than other pathogens in this study. Nevertheless, these data suggest that in the future, HSV should be considered in diagnosis as a potential cause of ILI.
S. pneumoniae and H. influenzae are common pathogens that can occur as non-infectious colonization in healthy people. Few studies have reported their carriage rates in patients with ILI in China. In our study S. pneumoniae was the most frequently detected pathogen with a positivity rate of 14.90%. Moreover, it was also the one most frequently identified in co-infection. Many factors contribute to the prevalence of S. pneumoniae and H. influenzae carriage, including age, season, geographical area, acceptance of vaccination, antibiotic consumption, sampling technique, and type of infant feeding [30] . The detection rate was a little low compared with other studies in health populations, which may be attributed to high antibiotic consumption during ILI onset [31] .
Many reports have demonstrated that 2 or 3 viral species can be detected in 10%-20% of children with pneumonia, and that mixed viral-bacterial infection can be found in up to 45% of cases [16] [17] , which is consistent with the results of our study. Detection of multiple pathogens in a fairly high proportion of cases has been a feature in etiological studies of respiratory infection when PCR is used. We recognize that PCRbased methods are more sensitive than conventional diagnostic methods (culture, antigen detection, and Total  47  22  5  51  43  71  2  17  15  5  21  221  110   100  90  80  70  60  50  40  30  20 10 0 serological assays) [32] . The most typical combination is S. pneumoniae with various respiratory viruses, especially with HRV. However, the interactions of agents in vivo is poorly understood to date, and these interactions may be complementary or inhibitory [33] . Subjects in our study were outpatients tested within 3 days of disease onset. Further observation could help in understanding the association between coinfection and disease severity. There were a few limitations in our study. First, the patients with ILI who were enrolled in this study were outpatients within 3 days of disease onset. We did not follow them to investigate the progression of the disease; hence, it was not possible to know which pathogen led to severe clinical manifestations. Second, pathogens were not cultured in this study. A positive result following PCR only indicates pathogen carriage, but does not necessarily indicate that the agent is responsible for the ILI. Third, data for antibiotics and antiviral drug use were not collected; however, these factors may have confounded the results.
In summary, this study reports important information on the respiratory etiology in patient with ILI in Jiangsu province, eastern China. HRV, Flu A, and ADV were the main viruses identified in ILI patients. A high co-detection rate of S. pneumoniae, H. influenzae, and HRV was found in these patients. The distribution of the diverse etiologies varied by season, age and region. The spectrum of etiologies could help to estimate disease burden of the pathogens and provide robust evidence to guide vaccination programs. Further studies are needed to investigate the association between the etiology and disease severity. 
